The aims of this research were to investigate the impacts of climate variations on land use policies, food security and vegetation cover in Gadarif State (eastern Sudan) during 1961 to 2013. Analysis of precipitation and temperature time series revealed that the annual precipitation was decreasing while the temperature was increased in the study area. Precipitation was decreasing at a rate of −50.3 mm/10a, while the temperature was increasing at a rate of 0.02˚C/10a. The result of both SPEI and SPI showed that the Gadarif State has been changed to a high frequency of drought during 1961-2013. 
Introduction
Climate change is attributed directly or indirectly to human activity that alters the composition of the global atmosphere and which is as well as natural climate variability observed over comparable times [1] . Global mean temperature has increased by 0.85˚C, over the period 1880 to 2012 and this increase in temperature is likely due to human activities that have increased the concentrations of greenhouse gases to unprecedented levels [2] . In Africa, Sudan is one of the driest countries. It also has most variable rainfall in the continent. Extreme years "either good or bad" are more common than average years [3] . In Sudan, the drought cycles have resulted a severe negative social and economic impacts, including human and livestock fatalities and resettlement of about three million people near the Nile River. Decreasing of the palatable forbs led to appearing the invader grasses, which are unpalatable to livestock. The share of agriculture in GDP % of Sudan has a decreasing trend between 1965 and 2013. Furthermore, the share of agriculture in GDP % of Sudan is a decline in many years which is correlated with a low precipitation and high temperature [4] . The share of agriculture in GDP of Sudan was significantly decreased from 42% in 2000 to 29% in 2014 [5] .
Gadarif State underwent a highly significant increase of maximum temperature during summer, winter and autumn [6] . The vegetation cover was cleared changing of land use cultivation of crops, as the forest lands are usually characterized by high fertile and suitable for growing crops, which becomes as an appetizer for farmers to clear trees. The expansion of mechanized rain-fed schemes, illicit cutting for charcoal and firewood, traditional rain-fed agriculture and over grazing were causes of deterioration that affected ecological equilibrium and biodiversity [7] . Land mismanagement, due to Mechanized Rain-fed Agriculture (MRA), led to soil deterioration and change in soil physical properties. Consequently, crop yield, socioeconomic and environmental settings were adversely influenced [8] . The MRA in Gadarif State is the most important area in the country since it contributes significantly to the total food production for the majority of inhabitants [9] . Loss of soil fertility and rainfall variability is among such factors. Crops yields are declined level of significance, which indicates a significant decline in soil fertility [10] .
Previously, [11] reported some measures for improvement of rain-fed agriculture in central Sudan, according to the priority should be given to measures that will increase the soil fertility; and further investigate the impact of meteoro-
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logical drivers on crop production in Sudan [12] . As recommended by [4] , a creating more livelihood options to adapt to the local weather with an understanding of local community and their sharing planning policies for effective adaptation strategies with the impacts of climate change in Sudan. As reported by [13] , the rain-fed agriculture is depended on a large extent on smallholder, subsistence agriculture is a source of livelihood of the most population in sub-Saharan Africa. A 38% of the population in sub-Saharan Africa lives in drought-prone dry lands.
The objectives of this research were to investigate influences of climate change on food security and vegetation cover, a number of specific objectives were formulated to assess climate change in Gadarif State considering the period of 1961 to 2013 in the light of the status.
Material and Methods

Study Area
Gadarif State is located in latitudes 12˚48' and 15˚50' N and longitudes 33˚40' and 36˚47'E, covers an area of about 6225794.91 ha (Figure 1) . The estimated population of Gadarif State is 1,348,378 people [14] . The state is a semi-arid climatic condition with an aridity index ranging from 0.2 to 0.4 [15] . The average mean annual temperature of Gadarif State is 30˚C. Gadarif State receives the highest temperature in April and May.
Data Collection and Analysis
Monthly and annual precipitation and temperature data of Gadarif State were collected from the Sudan Meteorological Authority. variables [16] . In 2009, the Sorghum productivity was a decline of 42% of the normal yield; also, the annual precipitation amount was 87% of the normal [17] .
Also, we calculated the Standard Precipitation Evapotranspiration Index (SPEI)
and Standard Precipitation Index (SPI) at scale of 1-, 12-, 24-, 36-and 48-month scale to investigate the drought categories according to [4] and [18] , no drought > −0.5; mild drought −0.5 to −1.0; moderate drought −1.0 to −1.5; severe drought −1.5 to −2.0; extreme drought < −2.
Food Security
Food security data of Gadarif State during 1961 to 2013 was the crop yield of Sorghum (Sorghum bicolor) and Sesame (Sesamum indicum). Moreover, research documents, national and international relevant projects documents, related official records and annual reports were used as supporting data. 1970, 1977, 1979, 1987, 1988, 1992, 1995 and 1996. Likewise, temperature showed fluctuations with a generally increasing trend in 1972, 1980, 1984, 1990, 1991, 2007 and 2008 . The analysis of precipitation and temperature data for the Gadarif State showed that there was a steep decreasing trend in annual precipitation and increasing trend in temperature. The precipitation was decreasing at the rate of −50.3 mm/10a, while the temperature was increasing at the rate of 0.02˚C/10a. The monthly precipitation showed a declining trend rate of −19.8 mm/10a, −0.5 mm/10a, −11.3 mm/10a and −3.6 mm/10a for July, August, September and October, respectively, while temperature showed an increasing trend at a rate of 0.02˚C/10a, 0.02˚C/10a, 0.01˚C/10a
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and 0.01˚C/10a for July, August, September and October, respectively. [19] found an increasing trend in mean, maximum and minimum temperature over the whole Sudan in line with a significant decline of precipitation over the northern half of Sudan. As reported by [17] , Gadarif State had observed a significant climate warming, increased precipitation variability and seasonality and 2006. In addition, [4] and [18] showed that the climate of Gadarif State has a big changing from humid to extreme drought in a period of 1961-2013. Africa [20] . In the 1960s, massive land areas in Sudan were cleared for crop cultivations. Consequently, at the end of the 1970s to the early 1980s, most of the lands were changed to MRA [21] .
Food Security Analysis
Projected climate change impacts and growing socioeconomic pressures on agriculture highlighted the intensification of desertification of arable areas.
Moreover, the humid agroclimatic zones are likely to shift southward, rendering areas of the north increasingly unsuitable for agriculture [22] . The expansion of agricultural lands due to the favorable government farming policy is among the main reasons behind the land use changes in East Africa [23] . ca, in addition to the greatest problem of high annual variability of precipitation, the seasonal precipitation also varies drastically as well [13] . Therefore, the climate change in addition to intensified extreme events could influence the crop yield seriously [24] . The variations of temperature, precipitation and atmospheric CO2 concentration can affect significantly in crop yield [25] .
Land were reduced due to the expansion of modern mechanized farming to satisfy an increased demand for food due to increased human population [26] . Drastic decrease of natural vegetation areas resulted in progressive loss and degradation of grazing area in most of the Gadarif State [17] . The dynamic rate of vegetation cover, deterioration and decline were terribly speedy over the few decades. In
Gadarif State, large tracts of the forests and rangeland were converted to cultivation lands, which made these resources unable to satisfy fodder need for grazing and food security. The overall forest area was reduced because of expansion in modern mechanized farming because of increasing human population. The local community of Gadarif State started illegal cutting of wood to satisfy the local needs of charcoal and other domestic uses, also to boost their income. The nomads do not have any alternative for animal feeding except lopping the trees during the dry season and feeding on young regeneration throughout the rainy season. Current information on the status of vegetation cover and changes in its composition and structure area is restricted, whereas the speed of climatic variations has serious effects on the planning of the management processes in forest reserves. Adversely, the grazing livestock causes notable damage to the refurbishment of the forest.
[27] stated that the conflicts of the farmer-herder for land use caused a major challenge for rural societies as well as Sudan's local authorities. According to [17] , the extension of cultivated areas resulted in the drastic decrease in the natural vegetation lands. [10] , reported that the Sudan Government's new agricultural policies are focusing more on MRA ventures to increase the grain production through expansion of the cultivated area only, not through increased per unit yield.
Conclusions
In Based on the findings of this study, it is recommended that additional investigations on crops suitable for Gadarif State during drought season should also be carried out for more accurate information, which can be used for crop modeling of appropriate agricultural and water management during a drought cycle. Further studies on drought prediction using future climate scenarios in Gadarif
State by utilizing methods presented in this study may be considered for in-depth analysis. Nowadays, climate change has become the major determinant to environment worldwide and most of the environmental changes are associated with the climatic anomalies. To best of our knowledge, a few of studies have so far been conducted to address this global problem.
Agricultural activities in Gadarif State are directly affecting the proportion of forest resources because of change in agricultural ends up, in the unfair exploitation of the forests. Throughout the last four decades, progressive changes within the environment occurred due to the conversion of forest and grassland into cultivated land.
